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Foraging blackbird flocks have great mobility as they search for food that is plentiful, is easily 
accessed, and has a high nutritional value. Ripening corn, rice, and sunflower fit those criteria, as 
does seeded rice. The birds will move from field to field to find the ideal combination of energy 
spent to discover food versus the energy value of the food (Pyke et al. 1977). An extraordinary 
effort is often needed to actively move the birds from a foraging location with a high positive value 
(e.g., close to roost and early ripening sunflower) versus a location with a I~w value (e.g .. far from 
roost and mature corn). Indeed, Handegard (1988) relayed that despite the intense use of low-flying 
aircraft and live shot-shell ammunition, field specialists were not able to move blackbirds from 
sunflower fields located near cattail-dominated (Typha spp.) wetland roosts. In this case, birds were 
also undergoing their annual feather molt, which hampered flight and increased the energetic cost 
of moving to a new foraging site (Linz et al. 1983). 
For this reason, we believe that harvest advancement through desiccation (i.e .. crop phenology), 
wildlife conservation food plots (WCFP), and habitat management should form the foundation of 
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any blackbird management scheme that might include a suite of potential damage control options. 
These methods help reduce damage by manipulating the environment within and surrounding 
crop fields. 
10.1 CULTURAL PRACTICES 
An obvious bird management strategy is to abandon a bird-susceptible crop and substi-
tute other crops (e.g. , soybeans, flax) that are not damaged by blackbirds. Dedicated growers, 
however, recognize the value of bird-susceptible crops (e.g., sunflower, rice, and corn) in their 
crop rotation and have opted to use time-tested and new cultural practices to keep damage 
at economically acceptable levels (generally ~5%; Linz and Homan 2011; Dolbeer and Linz 
2016). Savvy growers plant less vulnerable crops near known wetland roost sites, coordinate 
planting time with neighbors to eliminate early and late ripening fields, plant large fields to 
spread damage over more heads so remaining seeds can undergo compensatory growth, leave 
harvested fields untilled to provide alternate food sources, create vehicle pathways to facilitate 
bird hazing efforts with pyrotechnics and shotguns, and control weeds and insects that attract 
birds (Sedgwick et al. 1986; Wilson et al. 1989; Dolbeer 1990; Linz et al. 2011; Dolbeer and 
Linz 2016). 
Finally, although an untested concept, short-stature (SS) sunflower that provide less height than 
standard hybrids for birds to scan their surroundings for predators, especially birds of prey, might 
reduce the suitability of the foraging site. Short-stature sunflower also might allow for more effec-
tive use of scare devices (e.g., propane cannons, pyrotechnics, unmanned aircraft systems, shotgun 
shells), because the sound is not muffled. Additionally, high-clearance ground spray equipment 
can more easily apply bird repellents and other pesticides (Figure 10. I). Currently, improved SS 
sunflower varieties are not available for widespread planting in northern sunflower growing areas 
in North America. However, sunflower breeders are rapidly developing SS sunflower that is compa-
rable to standard-height sunflower for such agroeconomic characteristics as days to maturity, yield, 
oil content, and disease tolerance (Mullally 2013; Linz and Hanzel 2015). 
Figure 10.1 Short-stature sunflower allows high-clearance ground sprayers to easily apply bird repellents and 
desiccants as part of a bird damage management program. (Courtesy of USDA Wildlife Services.) 
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10.2 ADVANCING HARVEST DATE 
Advancing harvest date can reduce bird damage and even out the grower's harvest schedule. 
This strategy works particularly well for ripening sunflowers, which require about 38 days from 
last anther to physiological maturity (R9) when the seeds contain about 35% moisture (Putman 
et at. 1990). Sunflowers are mature long before they are dry enough for combining and long-term 
storage. Thus, the grower must wait for natural desiccation, which usually occurs after freezing 
temperatures, or dry the seeds before storing in bins, which can be costly. Natural desiccation can 
be slow and uneven, and inclement weather can reduce quality and yield through stem breakage and 
shattering. Waiting for natural desiccation also increases the time that sunflowers are susceptible to 
predation by blackbirds. Artificially advancing the harvest date reduces the amount of time that the 
crop is susceptible to blackbird predation, especially by late-migrating blackbirds. 
Growers can use paraquat, sodium chloride, saflufenacil, or a tank mix of glyphosate and safluf .. 
enacil herbicides to desiccate physiologically mature non-genetically modified organism (GMO) 
crops and advance harvest as much as 20 days over nondesiccated sunflowers (Dow AgroSciences 
2016). The latter is a particularly popular option because glyphosate kills grass, and saflufenacil, 
which is a broad-leafed herbicide, dries down sunflower faster than a glyphosate application alone. 
Paraquat is an effective desiccant but changes the cell structure of the head, allowing moisture to 
enter during a precipitation event, which could result in a delayed harvest. Use of sodium chloride 
declined with the introduction of glyphosate as a harvest aid because it is relatively expensive and 
must be applied at high volumes with a ground sprayer (Linz et at. 201\). 
10.3 WILDLIFE CONSERVATION FOOD PLOTS 
Linz et at. (2004) coined the moniker wildlife conservation sunflower plots to emphasize that 
sunflower plots can be planted with the needs of all wildlife in mind, in particular providing a 
refuge for local and migrating birds, including blackbirds dispersed from ripening crops such as 
sunflower. Here, we generalize the term wildlife conservation sunflower plots to wildlife conserva-
tion/ood plots (WCFP) to include all food varieties provided to attract wildlife. WCFP (also known 
as lure, decoy, food, trap, supplemental feeding, and diversionary plots) typically are small acreages 
(0.8-1.6 hal strategically placed to provide food for wildlife (Cummings et at. 1987; Hagy et at. 2008, 
2010; Tranel et at. 2008; U.S. Department of Agriculture 2013; Kubasiewicz et at. 2016). Entire 
fields are sometimes planted to a bird-susceptible crop (e.g .. , wheat, sunflower, corn, rice) or planted 
to attract wildlife that might otherwise forage in commercial crops (Gustad 1979; Cummings et at. 
1987; Knittle and Porter 1988). Aside from reducing damage in a commercial field where damage 
>5% is economically important, food remaining in WCFP is available for both migrating birds and 
resident animals (Tranel et at. 2008; Galle et at. 2009; Hagy et at. 2010). Additionally, WCFP might 
be considered to support a population of an endangered species (Ewen et at. 2015). 
The U.S. Department of Agriculture Wildlife Services program suppor.{s the use of lure crops 
(i.e., WCFP) to divert wildlife from damaging agricultural resources, especially where crop damage 
is recurrent (e.g., near historical roosts) and other methods are deemed ineffective (U.S. Department 
of Agriculture 2003). 
Avery (2003) advised that blackbirds with no alternative quality food will endure otherwise 
effective repellents (i.e., blackbirds need to eat to survive). That notion can be expanded to include 
mechanical scare devices, pyrotechnics, and bird-resistant crops (Dolbeer et at. 1984; Linz et at. 
2011). The keys to successful use of WCFP are location close to roosts, protection from predators, 
and caloric content (Linz et at. 2008). Here, we present a case history on the use of WCFP to reduce 
blackbird damage to sunflower and advocate the continued development of perennial sunflower as a 
potential cost-effective approach to developing a long-term management scheme to reduce damage 
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to grain crops (Glover et al. :2010; Kantar et al. 2012, 2014; Linz et al. 2014; Linz and Hanzel 2015). 
This approach could attract the support of private conservation groups, state and federal resource 
agencies, and agriculturalists. 
In the early 1980s, Cummings et al. (1987) offered alternative feeding locations to reduce black-
bird damage to ripening sunflower. Cooperating growers planted nine 10-ha oilseed sunflower plots 
and one 14-ha field planted with both corn and sunflower near commercial fields (Cummings et al. 
1987). Blackbirds used the lure fields heavily, and the economic analysis indicated that commercial 
fields had attained an average positive cost-benefit ratio of 1.0:4.0 (i .e., one unit of cost provided 
four units of benefit). A.!though the results were promising, no government entities were willing to 
formally implement a WCFP program. 
Hagy et al. (2007, 2008, 2010) revisited the use ofWCFP as a bird management tool in 2004 and 
2005. Scientists offered candidate sunflower producers US$375.00/ha to plant 35 8-ha WCFP near 
cattail-dominated wetlands with histories of elevated blackbird damage (Figure 10.2). Blackbird 
damage in the WCFP plots was highly variable, ranging from 0% to 100%. Across both years 
of the study, WCFP produced an average of 1,290 kg/ha and birds removed 435 kg/ha, valued 
at US$160.95/ha (US$0.37/kg). Hagy et al. (2007, 2008, 2010) assumed, as did Cummings et al. 
(1987), that birds feeding in the fields would have caused the same amount of damage to commer-
cial sunflower fields. In comparison to the research by Cummings et al. (1987), Hagy et al. (2008) 
concluded that the cost-benefit ratio was 3.4: 1.0, indicating a negative economic return. The cost-
benefit ratio did not include t he intrinsic values of WCFP, such as use of the plots by 34 nonblackbird 
species (Hagy et al. 20[0). 
Given the expense of annually planting WCFP plots, Hagy et al. (2008) concluded that WCFP 
are best used to protect high-value oil and confectionery sunflower varieties planted either near 
roosts or under flight lines of blackbirds emanating from roosts. Planting of oilseed sunflower 
WCFP near commercial confectionery sunflower, the latter being much more valuable, could off-
set field planting costs if blackbird damage in the WCFP was ~12%, a level of damage found 
in 74% of the WCFP (Hagy et al. 2008). Additionally, planting less valuable crops (e.g., corn, 
perennial sunflower, millet) near wetlands also might serve as alternative feeding sites and lower 
sunflower damage. This strategy might be especially effective if sunflower growers are actively 
dispersing (e.g., via pyrotechnics, shotgun shells, airplanes) the birds from their crop (Avery 2003). 
Figure 10.2 Wildlife conservation food plots provides alternative food for blackbirds and other wildlife. 
(Courtesy of Heath Hagy. North Dakota State University.) 
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However, the behavior of blackbirds foraging under stressful conditions associated with harass-
ment has not been assessed. 
Since Hagy et at. (2008, 2010) conducted their study, collaborating scientists at the University 
of Minnesota and USDA Agricultural Research Service (USDA-ARS) have advanced the devel-
opment of a perennial sunflower that could reduce planting costs for WCFP and serve as a poten-
tial tool to alleviate blackbird damage in commercial (i.e ., annual) sunflower (Linz et at. 2011; 
Kantar et at. 2012, 2014). Perennial sunflower fits the notion of WCFP because this cultivar 
would provide a pesticide-free food source for beneficial insects, such as honeybees (Apis mel-
lifera), help stabilize highly erodible lands with low production potential near wetlands, and 
offer year-round habitat for wildlife (Cox et at. 2010; Glover et at. 2010; U.S. Department of 
Agriculture 2015). Initial plantings on a working farm in North Dakota showed that the peren-
nial habit was retained through two years, but additional development is needed to improve 
agronomic qualities such as oil quality and head and achene size (Linz et at. 2014; Figure 10.3). 
This research is ongoing with further field testing likely as the hybrid is improved (R. Stupar, 
personal communication). 
Sunflowers growers often contend that, in addition to planting costs, WCFP take valuable 
agricultural land out of production. On the other hand, the grower might suffer high damage if 
steps are not taken to amel iorate damage-a catch-22 . We suggest that growers can harvest the 
WCFP and recover planting costs if blackbirds do not use the plot. In some situations planting 
WCFP on federal and state wildlife lands is a viable alternative to planting on private lands. 
Landowners also can plant small food plots on a portion of Conservation Reserve Program lands 
to benefit all wildlife, including blackbirds dispersed from nearby fields (U.S. Department of 
Agriculture 2013). 
Current WCFP planting recommendations differ little from previous research (Cummings 
et at. 1987; Hagy et at. 2008), including planting plots near cattail-dominated wetlands, which are 
favored as night roosts, and near, but not immediately adjacent to, commercial fields (Figure 10.4; 
Linz et at. 2008). Planting varieties that ripen earlier than nearby commercial fields may habituate 
birds to the plots, thereby further increasing the efficacy of WCFP. The use of other less va[u-
able but desirable crops to further buffer sunflower should also be explored. Finally, additional 
research is needed on the best planting practices, including economic evaluation, selection of plot 
locations, planting times, field size, and variety selection (Cummings et at. [987; Hagy et at. 2008, 
Ewen et at. 2015). 
Figure 10.3 Perennial sunflower developed by University of Minnesota scientists planted in North Dakota. 
Perennial grain crops have the potential of providing cost-effective alternative food sources for 
wildlife . (Courtesy of USDA Wildlife Services.) 
180 ECOLOGY AND MANAGEMENT OF BLACKBIRDS (ICTERIDAE) IN NORTH AMERICA 
~o N Bird-
susceptib le 
cro ps 
Figure 10.4 Wildlife conservation food plots preferred by blackbirds (e.g., sunflower, corn, millet, rice) should 
be planted between roost sites and bird-susceptible crops to provide alternative food sources. 
Areal coverage of plot is dependent on anticipated seed production and number of blackbirds. 
(Linz et al. 2008.) 
10.4 MANAGEMENT OF WETLAND ROOST SITES 
In late summer, after the nesting season, blackbirds begin roosting in wetlands dominated 
by cattails (Typha x glauca) and phragmites (Phragmites australis) when available because 
they offer protection from predators and inclement weather (Meanley 1965; Yasukawa and 
Searcy 1995; Linz and Homan 2011). Although native common cattail (Typha latifolia) can be 
found in the United States, almost all of the cattails in the Prairie Pothole Region are a hybrid 
between the invasive exotic narrow-leaved cattail (Typha angustifolia L.) and common cattail 
(Kantrud 1990). Hybrid cattails are a fast-growing and robust cattail that forms dense homog-
enous stands that tolerate seasonal water draw-downs and inundation (Weller 1975; van der Valk 
and Davis 1978). Likewise, the native Phragmites subspecies (Phragmites australis americanus) 
can be found in isolated locations in North America, but again almost all Phragmites is a non-
native subspecies (Phragmites australis australis) originating in Europe (Tulbure et at. 2007). 
The aggressive habits of both the cattail hybrid and the nonnative Phragmites allow them to 
outcompete and displace native plants important to animals dependent on wetlands for survival 
and reproduction . 
Otis and Kilburn (1988) found that the main predictor of the severity of blackbird damage to 
sunflower is the presence or absence of nearby wetlands, with fields located near wetlands receiv-
ing two to four times more damage. Choosing the closest available high-quality f()od source (e.g., 
rice, sunflower, corn) fits the optimal foraging theory, suggesting that birds seek food to enhance 
their probability of surviving and reproducing (Pyke et at. 1977). Commercial sunflower provides 
blackbirds with the energy to replace feathers during their annual molt and helps them accumulate 
energy reserves for migration (Linz et al. 1983). 
Growers planting within the foraging range (~8 km) of wetland blackbird roosts absorb most 
of the losses (Dolbeer 1990; Klosterman et al. 20(3). In southern winter roosts, Meanley (1965) 
reported that blackbirds readily use cattails and phragmites, with some roosts harboring a million 
individuals. Many of these roosts were located near rice-growing areas, providing access to planted 
rice in the spring and ripening rice in late summer. 
Linz et al. (1992a, 1992b) proposed that breaking the link between wetland roosts and ripen-
ing crops was a reasonable approach for reducing damage. Attempts at controlling cattail and 
phragmites in wetlands with mechanical methods such as grazing, mowing, burning, and disk-
ing produces poor results because both of these species have a large rhizome root system that 
allows the plant to regenerate quickly (Tu et al. 2001). Additionally, these methods are nearly 
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Figure 10.5 Color infrared photo showing strips of live cattail (red) and open water (white) created by an aerial 
application of glyphosate herbicide to reduce blackbird roost substrate and improve habitat for 
waterfowl. (Courtesy of USDA Wildlife Services.) 
useless where soils are water-saturated or there is standing water. To overcome these drawbacks, 
scientists from the USDA-APHIS-WS National Wildlife Research Center (NWRC) and North 
Dakota State University (NDSU) proposed the use of glyphosate, a systemic herbicide, to frag-
ment cattail-dominated wetlands and reduce blackbird roosting habitat (Linz et al. 1992a; Linz 
and Homan 20 II; Figure 10.5). 
This idea followed research by Solberg and Higgins (1993) of South Dakota State University 
(SDSU) showing that glyphosate could be used to manage cattails to enhance waterfowl production. 
Over the next decade, the NWRC, NDSU, SDSU, and USFWS cooperated on a multifaceted series 
of studies to assess the efficacy, cost-benefits, and environmental effects of using an aquatic her-
bicide to reduce blackbird roosting habitat by fragmenting cattail-dominated wetlands (Linz et al. 
1992b; Henry et al. 1994; Leitch et al. 1997; Linz and Homan 2011). Here, we briefly summarize 
key findings of these studies. 
10.4.1 Glyphosate Herbicide 
Glyphosate (N-(phosphonomethyl)glycine) is a systemic, broad-spectrum, post-emergence 
herbicide that was discovered by John E. Franz in the early 1970s, while working for Monsanto 
(St. Louis, MO). Today, numerous companies formulate and distribute glyphosate herbicides 
approved for use in aquatic environments. Glyphosate blocks the shikimic acid pathway, which is 
essential for protein synthesis, and as a result kills the plant (Cole 1985; Linz and Homan 2011). 
Applications are most effective in late summer when cattails are actively metabolizing and transport-
ing carbohydrates to their rhizomes. Glyphosate is rapidly adsorbed by soil particles and sediment 
(Bronstad and Friestad 1985). " 
10.4.2 Ecological Effects 
Glyphosate, formulated for aquatic use and applied at labelled rates, does not adversely affect 
aquatic invertebrates, which are a critical part of waterfowl diets during the reproductive season 
(Henry et al. 1994). We caution that glyphosate formulations containing polyoxyethylene tallow 
amine surfactant are not registered for use in wetlands because of toxic eftects on aquatic organ-
isms (Henry et al. 1994; Relyea 2005). Glyphosate applied to dense cattail stands results in massive 
amounts of decaying vegetation that could result in low dissolved oxygen (DO) levels, decreasing 
invertebrate populations and aftecting invertebrate survival. However, Linz et al. (1999) showed 
that DO levels were similar between glyphosate-treated and reterence wetlands, thus corroborating 
182 ECOLOGY AND MANAGEMENT OF BLACKBIRDS (ICTERIDAE) IN NORTH AMERICA 
with the conclusion by Cole (1985) that wind-driven waves and spray in open areas of wetlands 
increase the absorptive surface at the air-water interface, offsetting any reduction in DO from 
decomposition. 
Linz et al. (l996a, 1996b) also investigated the effects of eliminating cattails (and presum-
ably Phragmites) on the density of birds requiring emergent vegetation as nest substrate and COVer 
from predators. They found that herbicide applications in cattail marshes resulted in fewer nest-
ing marsh wrens (Cistothorus palustris), red-winged blackbirds, and yellow-headed blackbirds 
(Xanthocephalus xanthocephalus) but more waterfowl, agreeing with the conclusion of Solberg and 
Higgins (1993) that creating openings in wetlands was beneficial for waterfowl. 
10.4.3 Economics 
Linz and Homan (2011) reported treatment costs, including glyphosate, surfactant, and helicop-
ter application, of about US$95/ha in North Dakota. The use of helicopters essentially eliminates 
complaints about chemical drift onto shoreline vegetation. Linz and Homan (2011) recommended 
that cattails be treated with an aqueous solution containing 2.2 kg/ha glyphosate and 1% v/v Sur-
factant. For our discussion on the economics of glyphosate applications, we assume that current 
application costs are similar across the United States for both cattails and phragmites. Growers are 
encouraged to consult with state and federal wildlife and agriculture officials to obtain information 
on wetland regulations prior to engaging in a wetland management program. 
Here, we present an example for sunflower (US$0.55 kg), which is a high-value crop compared 
to corn at US$0.21/kg and rice at US$0.J2/kg. We assume that daily sunflower consumption by one 
blackbird is 0.009 kg/day and each bird will damage 0.27 kg over a 30-day damage period (Peer 
et al. 2003). With sunflower's 5-year (2011-2015) market price valued at US$0.55 kg (National 
Agricultural Statistics Service 2016), a single blackbird (combining sexes and species) damages 
about US$0.15 of sunflower/year. Thus, growers must anticipate an average of 633 blackbirds/ha 
(US$95/ha) of cattail to justify treatment costs. Regrowth of cattail following treatment is contin-
gent on water levels. If water depths remain stable at >30 cm, there should be few living cattails for 
at least 4 years and perhaps up to 6 years post-treatment (Linz and Homan 2011). A treatment that is 
effective for at least 4 years requires only 158 blackbirds/day/ha of cattail to justify costs, provided 
that sunflower is planted every year on lands somewhere near the treated wetland. Wetlands and 
grain crops planted in juxtaposition are scattered throughout the United States, with roosts contain-
ing a few hundred to several million blackbirds (Mean ley 1965; Dolbeer 1990; Linz et al. 2003). 
10.4.4 Operational Program 
From 1991 to 2010, the USDA-APHIS-WS conducted a cattail management demonstration pro-
gram in North Dakota and South Dakota. During that time, the USDA-APHIS-WS annually sprayed 
<1% (1,500 hal of cattail-dominated wetlands in the Dakotas using aerial applications of glyphosate 
herbicide (Ralston et al. 2007; Linz and Homan 2011). WS sprayed about 70% of the emergent 
vegetation (largely cattails), which was sufficient to minimize or reduce roosting blackbirds but 
provide cover and nesting substrate for other birds. This limited spray coverage, combined with the 
findings of numerous field studies on ecological and environmental effects, led Linz and Homan 
(2011) to conclude that glyphosate has minimal impact on wetland fauna. Indeed, numerous wetland 
species benefited from the treatment, including waterfowl, an economically important species in 
North Dakota. Although statistical evidence is lacking, managing cattails appears to heIp sunflower 
producers disperse blackbirds and thus reduce the severity of damage sustained in fields located 
near cattail-dominated wetlands (Linz et al. 1995). 
The USDA-APHIS-WS cattail management program appears to meet the requirements of wild-
life interests and agriculture (McEnroe 1992; Stromstad 1992). Fragmenting dense cattail stands 
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returns wetlands to their original configuration, which promotes avian diversity while preventing 
the formation of large roosting aggregations of blackbirds. The federally funded USDA-APHIS-WS 
cattail management program ended in 2010. However, individual growers can use the techniques 
developed over 25 years of research and operational experience. 
10.5 MANAGEMENT OF UPLAND ROOST SITES 
In areas of the United States where wetlands dominated by emergent vegetation are relatively 
uncommon, blackbirds establish large roosts that can number in the millions in dense tree stands in 
urban and rural environments (Mott 1984; Glahn et al. 1994). The U.S. Fish and Wildlife Service 
conducted national winter roost surveys in 1974-1975 and 1976-1977 and found 825 roosts, with 
54% harboring over 1 million birds each. These large roosts were commonly found in conifers 
(33%), hardwoods (23%), wetlands (12%), cane (12%), and 21% in other habitats (Glahn et al. 1994). 
The most important attributes of a roost site are high tree densities and dense canopy that afford 
the birds protection from predators and adverse weather (Meanley 1965, 1971; Lyon and Caccamise 
1981). 
In these circumstances, the public sometimes seeks help from wildlife agencies because of 
agricultural damage (e.g., rice), health risks (e.g., histoplasmosis), and general aesthetic problems 
(e.g., fecal matter on sidewalks and backyards; Heisterberg et al. 1987) caused by large roosts. 
Options for resolving conflicts with blackbirds include no action, moving the roost by modifying 
habitat, dispersing birds with mechanical repellents (e.g., pyrotechnics, distress calls, shooting, 
lasers, and propane cannons), and population reduction (Garner 1978; Booth 1994; Conover 2002). 
In urban environments, thinning tree canopies might be an effective first step in moving roosting 
populations to more desirable rural locations. Loud sound resulting from pyrotechnics (e.g., shell 
crackers) and firing shotgun shells can be effective if used when the birds first start arriving at the 
roost in the late afternoon and continuing until dark. A persistent effort occurring over a week or 
more might be needed to force the birds to move from a well-established roost. 
In agricultural areas, local popUlation management might be achieved by broadcasting avicide-Iaced 
baits (Linz et al. 2015). Glahn and Wilson (1992) broadcast rice baits treated with DRC-1339 avicide 
(a.i., 3-chloro-p-toluidine hydrochloride, also 3-chloro-4-methylbenzenamine hydrochloride) near a 
large spring blackbird roost in Louisiana and killed an estimated 4 million blackbirds. A subsequent 
survey of rice producers estimated that damage to sprouting rice was reduced 83% compared to 
previous years. This suggested that lethal control of local blackbird popUlations might reduce local 
crop damage, but Glahn and Wilson (1992) concluded that such toxic baiting programs should only 
be used after other methods have failed. Finally, Linz et al. (2015) conducted a comprehensive review 
of attempts to reduce crop damage using various population management strategies and found no 
situation in North America or South America where lethal control, as a stand-alone tactic, met the 
criteria of practicality, environmental safety, cost-effectiveness, and wildlife stewardship. 
10.6 BIRD-RESISTANT CROPS 
The search for bird-resistant crops peaked in the 1980s, when a concerted effort was made to 
discover and develop bird-resistant corn and sunflower varieties (Dolbeer et al. 1982, 1984, 1986a, 
1986b; Seiler and Rogers 1987; Mah et al. 1990; Mah and Nuechterlein 1991). The efficacy of 
bird-resistant crops and many other bird management techniques (e.g., mechanical and chemical 
repellents) is largely contingent on the availability of quality alternative food sources, a practice 
encouraged by Dolbeer et al. (1984) and Avery (2003). Here, we present research aimed at the 
discovery of bird-resistant corn and sunflower. 
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10.6.1 Corn 
It takes about 60 days for com kernels to become physiologically mature after pollination (Nielsen 
2013). Blackbirds can severely damage com during the milk (R3) and dough (R4) developmental stages, 
a period of 3-4 weeks when kernel moisture content is about 80% and 70%, respectively (Dolbeer 1990). 
After that time, the com kernel hardens, reducing its attractiveness to blackbirds, particularly female 
red-winged blackbirds and yellow-headed blackbirds (Yasukawa and Searcy 1995). Male blackbirds can 
damage field com for several more weeks as the kernels mature and dry down to 25% at harvest maturity 
(Linz et al. 1983; Nielse~ 2013). Further, birds open the protective husks that allows mold, fungus, and 
insects to inflict additional damage and cause economic losses (Nielsen 2009). 
Linehan (1967) showed that com hybrids vary widely in their susceptibility to bird damage. 
Dolbeer et al. (1982, 1986a) quantified the importance of numerous com traits in aviary tests and 
concluded that long and heavy husks were the most difficult for birds to access the kernels. In field 
tests, however, these characteristics were not important predictors of bird damage, leading Dolbeer 
et al. (1984) to conclude that the yield and timing of maturity were the most important factors influ-
encing damage levels. 
Dolbeer et al. (1986b) reasoned that there is little incentive for com seed companies to 
develop new lines solely for bird resistance because the number of fields with economically 
important bird damage was small. Their fallback position was to suggest that a bird-resistance 
rating system should be developed for commercially marketed seed corn hybrids. Farmers in 
high damage areas would have the option of considering bird resistance along with other impor-
tant agronomic characteristics such as yield, maturation time, stem durability, and dry-down 
in selecting a hybrid. With profit margins historically narrow, present-day corn growers are 
unlikely to give up yield in exchange for bird resistance unless anticipated bird damage is over-
whelming (>15%), in which case planting a less susceptible crop such as soybean near known 
roost sites is another alternative. 
10.6.2 Sunflower 
In 1979, sunflower breeders from NDSU, with technical assistance from the USDA-ARS and 
private industry, were funded by the Denver Wildlife Research Center (now the National Wildlife 
Research Center) to assess various chemical and morphological traits that might thwart blackbird 
feeding on sunflower achenes (Guarino 1984). The goal was to develop a bird-resistant sunflower 
while maintaining palatability, yield, and oil content. Scientists surmised the features needed to 
inhibit perch-feeding and seed access included a flat or concave head shape, tightly held achenes, 
thick fibrous hulls, hulls with high levels of anthocyanins, long chaffs, long wrap around bracts, 
a head-to-stem distance of more than 15 cm, and ground-facing flowers (Parfitt 1984; Seiler and 
Rogers 1987; Gross and Hanzel 1991). Additionally, the percentage of oil, which is correlated with 
hull thickness, was thought to be a key reason for birds selecting particular varieties of sunflower 
(Mason et al. 1991). Mason et al. (1991) conducted a series of experiments to determine whether red-
winged blackbirds were in fact capable of discerning the difference in oil content among sunflower 
varieties. Indeed, they found that low oil content associated with heavy hulled achenes reduced 
red-winged blackbird feeding when given a choice of achenes with higher oil content. Thus, the 
birds rejected some varieties of sunflower over others not because of bird-resistant features but 
because of the oil content. Resistant genotypes developed at NDSU were similar to confectionery 
varieties that feature heavy hulls with large seeds and low oil content. Compared to oil seed variet-
ies, confectionery varieties are difficult for small birds (e.g., female yellow-headed blackbirds and 
red-winged blackbirds) to extract and dehull, especially after the achenes hardens at physiological 
maturity (Linz et al. 1983; Twedt et al. 1991). Thus, the oil content must be a controlled variable to 
test for true bird resistance. 
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In the early 1990s, the bird-resistant sunflower-breeding program was abandoned because 
of the prohibitive technical challenges involved in developing a commercially competitive hybrid 
that would have the combination of bird-resistant traits and high oil content and yield. Since then, 
the development of doubled-haploid technology might revive the quest for bird-resistant varieties 
by allowing plant breeders to rapidly develop and evaluate new cultivars for specific plant traits 
(Maluszynski 2003; Jan et al. 2011; Lilliboe 2011). Conventional plant inbreeding procedures might 
take multiple generations to evaluate a particular plant trait, whereas doubled-haploid technology 
achieves the same aim in one generation at presumably reduced costs. Doubled-haploid technology 
is used to develop plant characteristics, such as disease resistance, drought tolerance, and yield, in 
many crops (e.g., com, small grains, fruits, and vegetables; Maluszynski 2003). Future commercial 
sunflower and com varieties might also be developed that have some bird-resistant qualities while 
maintaining oil content (sunflower) and yield. In the meantime, we suggest that the new double-
haploid technology could help with the development of a perennial sunflower and improvement of 
the agronomics of SS sunflower. Both of these products will likely meet better success for managing 
bird damage to sunflower. 
10.7 SUMMARY 
Blackbirds are highly mobile and undergo local movements in search of suitable roosting habitat 
and food sources. Blackbirds also can delay migration in northern areas if weather conditions are 
benign and ample food is available (T. Thrner, National Sunflower Association of Canada, personal 
communication). Whereas simply planting crops not susceptible to blackbird damage (e.g., soybeans, 
flax) is an obvious bird management strategy, it may not be the best economic decision when dam-
age levels are relatively low «5%). Advancing crop harvest by artificially drying the crop ahead of 
normal is another plausible tactic. Growers might consider managing cattail-dominated wetlands 
and thinning tree canopies to reduce their attractiveness to roosting blackbirds. Another option is 
to plant WCFP near favored roost sites to serve as a buffer around an economically valuable crop. 
Finally, researchers need to investigate blackbird feeding behavior when presented with SS and 
perennial sunflower as well as response to hazing devices, especially unmanned aircraft systems 
(Ampatzidis et al. 2015). Regardless, using these evading strategies in combination with other bird 
management tactics could result in an effective integrated pest management plan. 
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